ABSTRACT: Gypsum block, an important construction material, has the shortcoming of poor water resistance, which limits the development and applications. In this paper, this problem was solved by combined use of silicone (methyl silicon alkoxide) and inorganic material such as cement, manganese slag powder. Orthogonal experiment was used to optimize the proportioning of gypsum block. The appropriate material proportion was obtained: gypsum 66.7%, cement 8.3%, manganese slag powder 25% and methyl silicon alkoxide 0.083%. In this case, the softening efficient was up to 0.76.
INTRODUCTION
Gypsum block possesses good performances such as fire resistance, heat preservation, heat insulation, breathing and humidifying. Besides, its product is environment friendly, no radioactive, which is known as "green building materials". Besides, building plaster has good bonding property, which needs no special maintenance. However, there has some problems in gypsum mortar products, such as the poor water resistance, low softening coefficient, high water absorption and low strength. Obviously, these problems limit the promotion and application of the products. The water resistance of gypsum can be improved by the traditional water-proofing agent such as paraffin emulsion, styrene acrylic emulsion. But these products have some negative impacts on mechanical strength on gypsum products. The effect of organosilicon on the strength of gypsum is relatively small. The inorganic material, such as fly ash, lime and cement, can improve the water resistance of gypsum products. In this study, organic silicon based waterproofing agent (e.g., Methyl silicon alkoxide) was combined with inorganic material (cement, manganese slag powder) by synergistic effect in between. Among them, manganese slag powder generates hydrated calcium silicate and ettringite when hydrated with alkaline 707 material and gypsum. The formation of interpenetrating network of inorganic materials and the structure of the polymer membranes would effectively improve the water resistance of gypsum block.
Experimental

Materials
The waterproofing material for gypsum used in this paper is Methyl silicon alkoxide, which is commercially available chemical raw material. Gypsum retarder is prepared in our lab.
Manganese slag powder was provided by Pingshan Oriental Baicheng Hua-ao Building Materials Co. Ltd. Cement used is ordinary Portland cement. Building gypsum is bought on market whose main properties were shown in Table 1 . 
Methods
The test specimens (40mm×40mm×160mm) were prepared according to the desired composition. Then take out the specimens after final set, dried to constant weight under the condition of 40℃ in oven. It was emphasized that the blocks mixed with cement and manganese slag powder need to maintain under the condition of 50℃ in the fast curing box before drying. Finally, measure the water absorption of gypsum and the softening coefficient carefully.
RESULTS AND DISCUSSION
Effect of organosilicon on water resistance of gypsum block
Effects of organic silicon waterproofing agent on water absorption, mechanical strength and softening coefficient of gypsum block were tested with different dosage of organosilicon (on the basis of 100g gypsum). The results are shown in Figure 1 and Table 2 . It can be known from Figure 1 that the gypsum block without organosilicon water-proofing agent is almost saturated state after 15 minutes and the average water absorption is 35%.
However, the water absorption of the gypsum block with organosilicon water-proofing agent is obviously lower than the gypsum block without organosilicon water-proofing agent. The water absorption increased dramatically with the increase of time at the start and then the rate of water absorption was leveling off in the later stage. The water absorption is nearly constant after 2
hours. Figure 1 also shows that the greater the concentration of organosilicon water-proofing agent, the lower the water absorption. The water resistance of gypsum block with organosilicon (e.g., Methyl silicon alkoxide) was improved significantly. On the basis of exploratory experiment, some inorganic materials, cement and manganese etc., slag showed water resistance on gypsum block. Orthogonal experiment was used to determine the proportioning in this approach. Preliminary tests indicated that there were three main elements to effect the water resistance of gypsum: dosage of organosilicon(A), dosage of cement(B), dosage of manganese slag powder(C). The factors and levels were shown in Table 3 . Data collected from the experiments shows that softening coefficient of gypsum products with the inorganic materials is improved greatly, most of the softening coefficients are above 0.6.
Besides, the water absorption rate of the gypsum products is about 20%, which is lower than blank gypsum and maintained breathing and humidity for gypsum plaster. The combined use of organosilicon with inorganic material can not only solve the problem of poor water resistance of gypsum products, but also increase the mechanical strength of composite materials. Table 4 gives the three potential combinations of factors and levels of the orthogonal experiment.
It was found that the softening coefficient of the third group is highest. The flexural strength and compressive strength met the stucco gypsum standard of JC/T517-2004. Thus the optimized combination of factor and level from orthogonal experiment is A1B1C3. The hydration products in gypsum containing water resistance modifier are mainly hydrated calcium silicate and ettringite, which combined with organosilicon, contribute to the water resistance of the block.
CONCLUSION
The gypsum mixed with cement, manganese slag powder and organosilicon have high water resistance characteristics. Through orthogonal experiment, the appropriate material proportion was obtained: gypsum 66.7%, cement 8.3%, manganese slag powder 25%, organosilicon 0.083%. The softening efficient was up to 0.76.
In this study, the water resistance and mechanical strength of gypsum product was improved by the combined use of organosilicon (Methyl silicon alkoxide) and inorganic material (cement, manganese slag powder), which provide an efficient approach to utilize manganese slag, a typical solid waste in metallurgical industry.
